RD-26,589 



# 



AT IS CLAIMED IS: / 

cOl] 1 . A method for producing aromatkf carbonates which comprises 

the steps of : / 

(i) contacting at a temperature sufficient to keep the mixture molten at least 
one aromatic hydroxy compound with a catalyst composition comprising the 
following and any reaction products thereof: 

(A) at least one Group 8, % or 10 metal or a compound thereof; 

(B) at least one salt; / 

(Q at least one metal/co-catalyst; and 

(D) optionally, at lpist one activating solvent; 

(ii) optionally heating the mixture at atmospheric pressure to a temperature 
above that sufficient to keep the mixture molten; 

(iii) pressurizing the; mixture with carbon monoxide; 

(iv) optionally heating the mixture under pressure of carbon monoxide to a 
temperature above that/sufficient to keep the mixture molten; 

(v) optionally maintaining the mixture under pressure of carbon monoxide for 
a time period; / 

(vi) introducing oxygen to the mixture to a desired concentration of oxygen in 
carbon monoxide; 

(vii) /starting gas flow to the mixture at a desired concentration of oxygen and 
carbon monoxide; 

(yiii) optionally maintaining gas flow for a time period at less than a desired 
ultimate temperature for the mixture; and 

/ (ix) optionally heating the mixture to a desired ultimate temperature under 
flow of gases. 

[c02] 2. The method of claim 1 wherein the aromatic hydroxy 

compound is phenol. 

[c03] 3. The method of claim 1 wherein the at least one Group 8, 9, or 

10 metal is a palladium source. 
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[c04] 4. The method of claim 1 wherein the salt is aHeast one member 

selected from the group consisting of guanidinium salts , apMfionium salts, 
phosphonium salts, sulfonium salts, and alkali metaKalts. 

[c05] 5. The method ofl^Cmi 4 wherein the salt is at least one 

tetrafluoroborate, hexafluorophda*hate, tetraarylborate, arylsulfonate, nitrate, 
carboxylate, benzoate^ac^tate, sulfate, halide, chloride, or bromide salt with cation 
selected from th^group consisting of guanidinium, ammonium, phosphonium, 
/Sfllfoniumv^tfid alkali metal. 




06] The method of claim 5 wherein the salt is at least one 

/ quaternary ammonium salt. 

[c07] 7. The method of claim 6 wherein the salt is at least one bromide 

or chloride salt with cation selected from the group consisting of 
tetraethylammonium, tetramethylammonium, tetrabutylammonium, and 
yltributylammonium. 

8] 8. The metJiod-ofciainT4'wHerein the salt is at least one alkali 

etalj>alt£i^ at least one activating solvent selected from the 

group consisting of polyethers, nitriles, carboxylic acid amides, and sulfones. 

[c09] 9. The method of claim 8 wherein the alkali metal salt is sodium 

bromide. 

[clO] 10. The method of claim 8 wherein the activating solvent is at least 

one polyether. 

[ell] 1 1. The method of claim 1 wherein the metal co-catalyst is selected 

from the group consisting of lead, copper, titanium, cobalt, manganese, zinc, bismuth, 
zirconium, tungsten, chromium, nickel, iron, lanthanide metals, cerium, and 
ytterbium, and mixtures thereof. 

[cl2] 12. The method of claim 1 1 wherein the metal co-catalyst is 

selected from the group consisting of lead, cobalt, copper, titanium, manganese, 
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cerium, and mixtures thereof. 

[cl3] 13. The method of claim 1 wherein the composition further 

comprises a base. 

[cl4] 14. The method of claim 13 wherein the base is at least one of 

sodium hydroxide or sodium phenoxide. 

[cl5] 15. The method of claim 1 wherein the mixture is heated in step (ii) 

at atmospheric pressure to a temperature no higher than about 90°C. 

[ C 16] 16. The method of claim 15 wherein the mixture is heated in step 

(ii) at atmospheric pressure to a temperature in a range of between about 72°C and 
about 90°C. 

[cl7] 17. The method of claim 16 wherein the mixture is held under 

pressure of carbon monoxide in step (v) for a time period in a range of between about 
5 minutes and about 40 minutes. 

[ C 18] 18. The method of claim 17 wherein oxygen is introduced to the 

mixture in step (vi) at a concentration greater than about 8 molar % based on carbon 
monoxide. 

[cl9] 19. The method of claim 18 wherein gas flow is maintained for a 

time period at less than a desired ultimate temperature for the mixture in step (viii) 
and the mixture is heated to a desired ultimate temperature under flow of gases in step 
(ix). 

[c20] 20. The method of claim 1 wherein the mixture is heated in step (ii) 

at atmospheric pressure to a temperature no higher than about 72°C. 

[c21] 2 1 . The method of claim 20 wherein oxygen is introduced to the 

mixture in step (vi) at a concentration in a range of between about 5.5 molar % and 
about 9.5 molar % based on carbon monoxide. 

[c22] 22. The method of claim 2 1 wherein the mixture is heated to a 
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desired ultimate temperature under flow of gases in step (ix). 

[c23] 23. The method of claim 20 wherein the mixture is held under 

pressure of carbon monoxide in step (v) for a time before introducing oxygen to the 
mixture 

[c24] 24. The method of claim 23 wherein oxygen is introduced to the 

mixture in step (vi) at a concentration greater than about 8 molar % based on carbon 
monoxide. 

[c25] 25. The method of claim 24 wherein the mixture is heated to a 

desired ultimate temperature under flow of gases in step (ix). 

[c26] 26. The method of claim 1 wherein the mixture is heated in step 

(iv) under pressure of carbon monoxide to a desired ultimate temperature. 

[c27] 27. The method of claim 26 wherein the mixture is held under 

pressure of carbon monoxide in step (v) for a time before introducing oxygen to the 
mixture 

[c28] 28. The method of claim 27 wherein oxygen is introduced to the 

mixture in step (vi) at a concentration greater than about 8 molar % based on carbon 
monoxide. 

[c29] 29. The method of claim 1 wherein the mixture is heated in step 

(iv) under pressure of carbon monoxide to a temperature above that sufficient to keep 
the mixture molten and below a desired ultimate reaction temperature. 

[c30] 30. The method of claim 29 wherein the mixture is held under 

pressure of carbon monoxide in step (v) for a time before introducing oxygen to the 
mixture 

[c31] 31. The method of claim 30 wherein oxygen is introduced to the 

mixture in step (vi) at a concentration greater than about 8 molar % based on carbon 
monoxide. 
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[c32] 32. The method of claim 3 1 wherein the mixture is heated to a 

desired ultimate temperature under flow of gases in step (ix). 

] 33. A method for producing diphenyl carb^ate which comprises 

e steps of : 

(i) contacting phenol at a temperature sufficien/to keep the mixture molten 
with a catalyst composition comprising the following and any reaction products 
thereof: 

(A) at least one palladium soup6e; 

(B) at least one tetrafluorobefrate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, nitrate, carboxylase, acetate, benzoate, halide, chloride, or 
bromide salt with cation selected fron/the group consisting of guanidinium, 
ammonium, phosphonium, sulfonium, and alkali metal; 

(C) at least one mAal co-catalyst with metal selected from the group 
consisting of lead, cobalt, copper, titanium, manganese, cerium, and mixtures thereof; 
and 

(D) optionally, at least one activating solvent; 

(ii) heating the mixture at atmospheric pressure to a temperature in a range of 
between about 72°C arid about 90°C; 

(iii) pressurizing the mixture with carbon monoxide; 

(v) maintaining the mixture under pressure of carbon monoxide for a time 

period; 

(vi) intrc/ducing oxygen to the mixture at a concentration of greater than about 
8 molar % based on carbon monoxide; 

(vii) starting gas flow to the mixture at a desired concentration of oxygen and 
carbon monoxide; 

(viif) maintaining gas flow for a time period at less than a desired ultimate 
temperature for the mixture; and 
(ixpheatingjhej^ 




ffipgratnre-undaifl^w^ gases. . 



[c34] ^^34 
th€steps of 



A method for producing diphenyl carbonate which comprises 
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(i) contacting phenol at a temperature sufficient to keep the mixture molten 
with a catalyst composition comprising the following and any reaction products 
thereof: / 

(A) at least one palladium source; 

(B) at least one tetrafluoroborate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, nitrate, carhoxylate, acetate, benzoate, halide, chloride, or 
bromide salt with cation selected from the group consisting of guanidinium, 
ammonium, phosphonium, smfonium, and alkali metal; 

(C) at least erne metal co-catalyst with metal selected from the group 
consisting of lead, cobalt/ copper, titanium, manganese, cerium, and mixtures thereof; 
and / 

(D) optionally, at least one activating solvent; 

(iii) pressurizing the mixture with carbon monoxide; 

(iv) heatin/g the mixture under pressure of carbon monoxide to a desired 
ultimate temperature; 

(v) maintaining the mixture under pressure of carbon monoxide for a time 
period; / 

(vi/introducing oxygen to the mixture at a concentration of greater than about 
8 molar % based on carbon monoxide; and 

fvii^ starting gas flow to the mixture at a desired concentration of oxygen and 
carboi/ monoxide. 

[c35] 35. \A method for producing diphenyl carbonate which comprises 

the steps of : \ 

(i) contacting phenol at a temperature sufficient to keep the mixture molten 
with a catalyst composition con^rising the following and any reaction products 
thereof: \ 

(A) at least one palladiurn source; 

(B) at least one tetrafluorobbrate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, nitrate, carboxylate, acet^, benzoate, halide, chloride, or 
bromide salt with cation selected from the group cfcmsisting of guanidinium, 
ammonium, phosphonium, sulfonium, and alkali metid; 
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(C) at least one metal co-catalyst with metaKelected from the group 
consisting of lead, cobalt, copper, titanium, manganes^cerium, and mixtures thereof; 
and 

(D) optionally, at least one activating solvent; 

(ii) heating the mixture at atmosph^fc pressure to a temperature no higher 
than about 72°C; 

(iii) pressurizing the mixture v^ith carbon monoxide; 

(vi) introducing oxygen to/he mixture to a desired concentration of oxygen in 
carbon monoxide; 

(vii) starting gas floy^to the mixture at a desired concentration of oxygen and 
carbon monoxide; and 



(ix) heating the 



[c36] 36. 

the steps of : 



\ method for producing diphenyl carbonate which comprises 



ixture to a desired ultimate temperature under flow of gases. 



(i) contacting p lenol at a temperature sufficient to keep the mixture molten 
with a catalyst composition comprising the following and any reaction products 
thereof: 

(A) at least one palladium source; 

(B) at least one tetrafluoroborate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, litrate, carboxylate, acetate, benzoate, halide, chloride, or 
bromide salt with cation selected from the group consisting of guanidinium, 
ammonium, phosphonium, sulfonium, and alkali metal; 

(C) at least one metal co-catalyst with metal selected from the group 
consisting of lead, cobalt, copper, titanium, manganese, cerium, and mixtures thereof; 
and 

(D) optionally, at least one activating solvent; 

(ii) heating the mixture at atmospheric pressure to a temperature no higher 
than about 72°C; 

(iii) pressurizii g the mixture with carbon monoxide; 
the mixture under pressure of carbon monoxide for a time 



(v) maintaining 



period; 
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(vi) introducing oxygen to the mixture at a concentrat/on of greater than about 
8 molar % based on carbon monoxide; / 

(vii) starting gas flow to the mixture at a desired concentration of oxygen and 
carbon monoxide; and / 

(ix) heating the mixture to a desired ultimate temperature under flow of gases. 

[c37] 37. A method for producing diphenyl carbonate which comprises 

the steps of : / 

(i) contacting phenol at a temperature sufficient to keep the mixture molten 
with a catalyst composition comprising the following and any reaction products 
thereof: / 

(A) at least one palladium source; 

(B) at least one tetrafluoroborate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, nitrate, carboxylase, acetate, benzoate, halide, chloride, or 
bromide salt with cation selected froni/the group consisting of guanidinium, 
ammonium, phosphonium, sulfonium, and alkali metal; 

(C) at least one metal co-catalyst with metal selected from the group 
consisting of lead, cobalt, copperytitanium, manganese, cerium, and mixtures thereof; 
and / 

(D) optionally, at least one activating solvent; 

(iii) pressurizing the mixture with carbon monoxide; 

(iv) heating the mixtnre under pressure of carbon monoxide to temperature 
above that sufficient to keep the mixture molten and below a desired ultimate reaction 
temperature; / 

(v) maintaining tone mixture under pressure of carbon monoxide for a time 
period; / 

(vi) introducing oxygen to the mixture at a concentration of greater than about 
8 molar % based onycarbon monoxide; 

(vii) starting gas flow to the mixture at a desired concentration of oxygen and 
carbon monoxide/ and 

(ix) heating the mixture to a desired ultimate temperature under flow of gases. 
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[c38] 38. 

the steps of : 



A method for producing diphenyl carbonate which comprises 



(i) contacting phenol at a temperature sufficient to keep the mixture molten 
with a catalyst composition comprising the flowing and any reaction products 
thereof: 

(A) at least one palladium ^ource; 

(B) at least one tetrafluoroborate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, nitrate, carboxyl&te, acetate, benzoate, halide, chloride, or 
bromide salt with cation selected from the group consisting of guanidinium, 
ammonium, phosphonium, sulfoniLftn, and alkali metal; 

(C) at least one metal co-catalyst with metal selected from the group 
consisting of lead, cobalt, coppe^f, titanium, manganese, cerium, and mixtures thereof; 
and 

(D) optionally/ at least one activating solvent; 
(iii) pressurizing theyfnixture with carbon monoxide; 

(vi) introducing oxVgen to the mixture at a concentration of greater than about 
8 molar % based on carbon monoxide; 

(vii) starting gas^flow to the mixture at a desired concentration of oxygen and 
carbon monoxide; and 



(ix) heating thd 



[c39] 39. 

the steps of : 



mixture to a desired ultimate temperature under flow of gases. 
\ method for producing aromatic carbonates which comprises 



(i) contacting <jt a temperature sufficient to keep the mixture molten at least 
one aromatic hydroxy! compound with a catalyst composition comprising the 
following and any reaction products thereof: 

(A) at least one Group 8, 9, or 10 metal or a compound thereof; 

(B) at least one salt; 

(C) at least one metal co-catalyst; and 

(D) optionally, at least one activating solvent; 
wherein the mixture is exposed to an atmosphere comprising at least about 8 
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ra elar % oxygen before the mixture is heated to a tempciatui c ubovc about 90°C. 

[c40] 40. The method of claim 39 wherein the aromatic hydroxy 

compound is phenol. 

t c41 l 41. The method of claim 39 wherein the at least one Group 8, 9, or 

metal is a palladium source. 

[c42] 42. A method for producing aromatic carbonate from a mixture 

comprising an aromatic hydroxy compound, which comprises the steps of : 

(x) maintaining the mixture at a temperature at k<ast sufficient to keep the 
mixture molten; / 

(xi) introducing oxygen and carbon monoxide to the mixture to a desired 
pressure; / 

(xii) starting gas flow to the mixture at a desired concentration of oxygen and 
carbon monoxide; / 

(xiii) heating the mixture to a temperature in a range between that sufficient to 
keep the mixture molten and a desiredmltimate temperature; and 

(xiv) contacting the mixture ^ith one or more mixtures comprising aromatic 
hydroxy compound and one or mofre catalyst components comprising the following 
and any reaction products thereof: 

(A) at least oner Group 8, 9, or 10 metal or a compound thereof; 

(B) at least one salt; 

(C) at least/one metal co-catalyst; and 

(D) optionally, at least one activating solvent. 

[c43] 43. The method of claim 42 wherein the aromatic hydroxy 

compound is phenol. 

[c44] 44. The method of claim 42 wherein the at least one Group 8, 9, or 

10 metal is a palladium source. 



[c45] 45. The m 

selected from the group cons: 



pod of claim 42 wherein the salt is at least one member 
:ing of guanidinium salts, ammonium salts, 
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phosphonium salts, sulfonium salts, and alkali metal salts 

[c46] 46. The mph0of clajnr45~ wherein the salt is at least one 

tetrafluoroborate, hexafl^op^jspliate, tetraarylborate, arylsulfonate, nitrate, 
carboxylate, benzoa^ela^iu^afe; halide, chloride, or bromide salt with cation 
selected from the^group consisting of guanidinium, ammonium, phosphonium, 
sulfonium, arid alkali metal. 



[c47] 



47 > ^-T-he method of claim 46 wherein the salt is aUeast one 
quaternary-ammonium salt. 

[c48] 48. The method of claim 47 wherein the salt is at least one bromide 

or chloride salt with cation selected from the group consisting of 
tetraethylammonium, tetramethylammonium, tetrabutylammonium, and 
methyltributylammonium. 



Fc49] 



49. The methoc 



t5" wnerein the salt is at leasT5ri5~alkali 
/metal salt and^the^mxFure contains at least one activating solvent selected from the 
grour^*jrfsisting of polyethers, nitriles, carboxylic acid amides, and sulfones. 

[c50] 50. The method of claim 49 wherein the alkali metal salt is sodium 

bromide. 

t c51 ] 5 1 . The method of claim 49 wherein the activating solvent is at 

least one polyether. 

[c52] 52. The method of claim 42 wherein the metal co-catalyst is 

selected from the group consisting of lead, copper, titanium, cobalt, manganese, zinc, 
bismuth, zirconium, tungsten, chromium, nickel, iron, lanthanide metals, cerium, and 
ytterbium, and mixtures thereof. 

[c53] 53. The method of claim 52 wherein the metal co-catalyst is 

selected from the group consisting of lead, cobalt, copper, titanium, manganese, 
cerium, and mixtures thereof. 



[c54] 



54. The method of claim 42 wherein the composition further 
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comprises a base. 




[c55] 55. The method of claim 54 wherein the base is at least one of 

ium hydroxide or sodium phenoxide. 

56] 56. A method for producing diphenyl /arbonate from a mixture 

omprising phenol, which comprises the steps of : 

(x) maintaining the mixture at a temperature at least sufficient to keep the 
mixture molten; 

(xi) introducing oxygen and carbon monorfde to the mixture to a desired 
pressure; 

(xii) starting gas flow to the mixture at /desired concentration of oxygen and 
carbon monoxide; 

(xiii) heating the mixture to a tempefature in a range between that sufficient to 
keep the mixture molten and a desired ultimate temperature; and 

(xiv) contacting the mixture with/one or more mixtures comprising phenol and 
one or more catalyst components comp/sing the following and any reaction products 
thereof: 

(A) at least one palladium source; 

(B) at least one tetrafluoroborate, hexafluorophosphate, tetraarylborate, 
arylsulfonate, sulfate, nitrate, carb6xylate, acetate, benzoate, halide, chloride, or 
bromide salt with cation selectedffrom the group consisting of guanidinium, 
ammonium, phosphonium, sulfcftiium, and alkali metal; 

(C) at least one fnetal co-catalyst with metal selected from the group 
consisting of lead, cobalt, copper, titanium, manganese, cerium, and mixtures thereof; 
and 

(D) optionally, at least one activating solvent. 
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